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ABSTRACT production. Little or no published literature
exfsts on the mechanics of hydraulic fracturing

Stimulation of a naturally-fractured,1Ow of horizontalwells. Typically, long horizontal
perrneabllity,low-pressure 2ooo-foot horizontal wells are completed with preperforated llners
well in a low qetmeabilltyreservoir and In-situ to preserve hole integrity, The disadvantage
stress envif.onrffsntrequires careful stimulation of this type of completionis the associatedrisk
fluid design to minimize the capillary retention of pullingthe linerat a later stageof production
of treatment fluids. Therefore, a systematic history and re-running and cementing a casing
approach to stimulationdesign using N2, C02, and str+ftgsuch that selectiveplacementof fracturing
N -foam was used to select one which is most
f

of fluids can be accomplished. An alternative
e ficient. Stimulationmodelingwas used to evaluate approach is zone isolation accomplishedby the
fracture geometry with particularconcerr!for the installationof external casing packers and port
minimumpressurerise abovepartingpressurerequired collars as an integral part of a casing string
for height growth during frac fluid injection. run alongthe hwizontal section, Such a completion
Up to seven zones along the horizontalwellbore arrangement provided stimulation intervals with
are availablefor stimulation. Each zone was ranked ready-madeperforationsinjectingfracturingfluids
and pre-frac tested to establish .s into an open hole fracturing condition behind
pernteabilities.A N2 and N2-foam data f~c’;~ pi~e. This was the method of completion used
performed in one zone to establish leakoff in this 2000 foot horizontalwell to avoid the
characteristics.Subsequently,N2, COZ, and N2-foam problems of formation damage ~::ciated with
treatments were performed on a 400-foot zone to cementing and to eliminate need for
evaluate the effectivenessof C02 versus N2 frac tubing-conveyedperforatingof numerous treatment
fluids. Both the data frac and subsequent intervals.
stimulations were evaluated in the two least
productiveintervalsin order to use the preferred The U.S. Department of Energy’s Morgantown
fluids in the best zones tn the reservoir. The Energy Technology Center has been investigating
post-treatmentdeclinecurvesfor N2and C02 indicate the merits of drilling high angle wells for more
a C02-based fluid treatment should be performed than 20 years. Two high angle wellswere completed
in the most productiveintervalto achieve maximum in the DevonianShale at 43 and 52° from vertical,
success. Results of the stimulation conducted Recent emphasis has beerron the use of ho~izontal
are presentedalong with discussionof improvement wellbores to enh nce gas recovery efficiency in

tight fo~ations~ Initial study of horizontalratios and potential utility to other horizontal
drillingprojects. drilling in fractured Devonian Shale in the

AppalachianBasininvolvedselectionof a geographic
BACKGROUND area followed by full-field reservoir simulation—.

and initial well design,2 Once the site was
T’lestimulationaspects of horizontaldrilling selected, computer software was used to examine

representa technicalchallengein tight formations drill string loads, design bottomho~eassemblies,
where the horizontal placement of a horizontal

reporting during drilling.~ Finally, the 2000
track well trajectory, a d to provide daily

wellbore may not always provide adequate economic
foot long horizontalwell discussedin this paper

_ces and illustrationsat end of paper,
was air-drilledto a measured depth of 6020 feet
and a true verticaldepth of 3403 feet,4 A video
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HydraulicFracturingof a HorizontalNell in a Naturally
2 FracturedReservoir~ Cas

camera survey and analys;s was used along with
geophysicalwell logs to determinefracturespacing
and to locatethe positionof externalcasingpa ers
for completion !!and stimulation operations. A
follow-on study using reservoir data from the
drilling,coring,Ioggingandwell t@stingoP@rations
was used to examihethe effectsof in-fielddrilling

Ii
with horizontalwellsas a f eld developmf?ntstrategy
in fracturedDevani?.fiShale.

INTRODUCTION

The objectiveof stimulationresearchin this
horizontalwsllbore, located in Way~\eCounty, West
Virginia,was to determinethe recoveryefficiency
of the natural fracture system and the effects
expected from hydraulicallyfracturing the well
whenever multiple fractures would be induced.
To determinethe most effectivewellborestimulation
under these conditions, it was necessary tO use
a systematic approach to examfne the effects of
var’!ousrombfnationsof four factors, whfch were:
(1) type of fluid (e.g., gGs, Iiqufd, foam); (2)
fluid lnj~ctfonrate; (3) volume of flufd Injected;
and (4) bottomhole treatfng pressure. Followfng
each stimulation,flow rate and bufld-uptest data
were used to determinepermeability-thfckncssproduct
and flow rate improvementratfo. Key stimulation
issuesof concernwere:

o

0

,>

0

number of fractures that can be opened
and propagated durfng a single pumping
event;
whether proppant would screen out easfer
in a horizontalwell;
understandingwhat determineswhich natural
fracturesare propagated;
determining the best fracture diagnostic
systemto use in a horizontalwell.

The overalltechnicalapproachwas to:

o inducemultiplehydraulfcfractures;
o determfne how many and where fractures

were fnducedfn the borehole;
o evaluate hydraulfc fracture design for

horizontalwell fn sb’leformatfon;
o establishneed or lack of need for proppant

in low stress ratfo (minimum horizontal
to vertical)areas.

Conceptual hydraulfc fracture desfgn had to
considerthe strong interactionbetweenthe natural
fracture orientation of N37”E and N67°E and the
predictedinduced fra~turetrend of N52°E as shown
fn Ffgure 1. In addftion, the considerationof
other joint system having nearly parallel
orientations which would efther act as leakoff
areas or actually accept fracture fluid under
propagating conditions. Each zone avaflable for
fracturing had numerous natural fractures whfch
would accept fracturing flufd, Therefore, the
need for acquiring injectivity information was
warranted to observe whether multfple hydraulic
fractureswere propagatedduring a single pumping
eventas postulatedin Figure2.

Study forlfultipleFracturehesfgn SPE 17759
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In order to fully evaluate the effects of
propagatingncturitlfractures,detafled evalution
of mud log zhows and natural fracturesobserved
from a drfll-pipeconveyedvideo cametawere R%.
In addition,eight zones were originallyisolatd
wfth externalcasingpackers(ECPS)and port collars
as shown in F?gure 3. Following inflatfon of
ECPS, on;y seven zones were availablefor pre-frac
well testfngdue to one ECP failurebetweenZones
2 afid 3, A combinationtool was used to open
and close port collarsas well as provfdepack-off
for zone isolatfon during pre-frac testing.
Pre-frac flow rates from fndfvfdualzones vti~ied
[~d2? to 17 thousandcubic feet of gas pep tiay

In addftion,a~~ssure bufld-up t~f;~“.
were conducted on seven zones
penneabf1fties rangfng from .031 to .098
mfllidarcies (red). The fnitfal design
considerationswere premised on the fact that
mud log shows would”be the best indicationof
where frac flufd would ffrst be accepted during
stimulation. A sunsnaryof all pre-stimulation
‘Iwpukdata and reservofrcharacteristicsis provfded
it.Table 1 and Table 2 respectively.

StimulationRationa~

The mechanicalhandlingof fracturingfluids,
proppants,and tracer materialsalong a 2000 foot
horizontal wellbore offers a technical challenge
relative to developing a systematicapproachto
conducting fracturing experiments in selected
zones without causfng any permanent damage to
the wellbore that would prevent execution of
remafning stimulations. The rationale used was
to select the lowest rmoductfvezone(s)to conduct

] experimentsfn and subsewently, reservethe better
zones for full-scale stimulation, In Ffgure 3,
both Zone 6 and 1 were used for all frac fluid
testing which wfll be the focus of thfs paper.
The overall stimulationratfonalefocused on the
followfngconsfderatfons:

1) Primary design was to propagate natural
fractureswith a slfght differencefn orientation
from prfncipalstressorientation.
2) Injectfonat low rates allows fluid to select
pre-exfstfngnaturalfracturesto be propagated.
3) Injection at pressures which will keep the
fracture(s)from growingout of zone.
4) 8y startfngoff at loriratesand not exceedfng
200 psi above closure pressure wfth average %+TP
naturalfractureswould be propagated.
!5) By Increasing fnjection rates additional
fractures would be fnduced whfch would likely
create a network of interconnectedfractur~swith
orientationsof N37°E,N52”E,and N67”E.

The initialfrac design sequencewas premfsed
on tr~atment 0$ Zone #6 with both N and foam
fnjection tes;s to verify fluff 1e.koff
characterfst+csfor low and hfgh vfscosftyfl..~ds,
The inftf~l flow diagram was developedto conduct
pre-frac tests on Zone #6 followed by hydraulic
fracturingexperimentsusfng straight N2 and CO
on Zone #1 followed by N2-foam without proppant
on Zone #2-3and #5 as shownin Ffgure4,
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I DATA FRAC DESIGN,EXECUTIONAND EVALUATION

As previouslydiscussed,Zone #6 was selected
for data frac exp~fments to determine Ieako[;
characterfst”.cs. computer-controlled
aequisltlon system was used to perform fluid
InjectIontests. The data frac treatmentprocedure
isdescrtbedas follows:

1. Pump straight N
f

down hole to load hole at
5 bbl/mln (2500 scfm to fill wellbore. (Wellbore
storagecalculatedat 51,000at 1600psi.) Estimated
tlnh-:2004 ~nlnutes.

2. Pump Test #1 at 5 bbl/mlnrate for 15 minutes.
(250Cscf x 15 minutes= 37,530SC’ N2)

3. Shut in for 37.5minutesand watch leakoff.

4. Pump Test #2 at 15 bbl/minrate for 15 minutes.
(7500scf N2 x 15 minutes= 112,500scf N2)

5. Shut in for 37.5minutesand watch leakoff.

6, Pump80 qualityfoamat 5bbl/min for 20 minutes
(tagwith radioactiveiodine). (40,000scf N2)

7. Shut in for 50 minutes to watch leakoff.
Note ISIPcalculatedclosurepressure,

8. Pump 80 quality foam at 15 bbl/min for 20
mfnuteso (Tag with second RA liqufd.) (120,000
scf N2)

9. Shut fn for 50 mfnutes to watch leakoff,
Note ISIPand calculatedclosurepressure.

10* ~;thfn2.5 hours,replumbwell for flow back.

Approximately25,000 scf OF N2 was used to
load the hole to start the data frac activities
fn Zone #6.

Pump test #1 was pumped for 15 minutes at
an average rate of 250q scfm of N~, then shut-fn
for 15 minutes to watch leakoff rate. Leakoff
rate was 6.6 psf per mfnuteo A total of 37,500
scf N2 was pumpedfnto the formation.

Pump test #2 was pumped for 15 minutes at
a progransnedrate of 7500 scfm of N2, however,
the rate meter was fn ei”rorand fnjection rate
fs projectedto be 10,000 scfm sfnce the unft was
runnfng wfde open. A total of 150,000 scf of N2
was pumped fnto the formation. Leakoff rate was
8.4 psi per minute.

Pump test #3 was pumped for 20 minutes at
5 bbl/mfn of 80 qualfty foam, Leakoff rate was
4.15 psi per mfnute after Test #3; 3’i,000scf of
N2 was pumped durfng this stage. Radfoactfve
scandfum was fnjectedas a tracer for this test,
A total of 100 bbls (4200 gallons) of foam was
fnjectedfn the formation.

Test #4was pumpedfor 16 minutesat 12bbl/mfn
of 80 qualfty foam, Leakoff rate was 4,7 psf per
mfnute for the final stage; 69,200 scf of N2 was
pumped during this stage, Radioactiveiodfne was
injectedwfth the foam as a tracer for the final
test, 0,total of 200 bbls of foam (8400 gallons)

Resultsfran the data fracs as shown in Table
3 fndfcate the followfng: (1) two dffferentclosure
pressures (850 and 1050 psf) were observed from
the N2 and N2foam fnjectfo~ltest. Ong possfble
explani3tfonwas th~t dffferunt fractures were
Induced having near-adjacentangles fn 2one #6;
(2) calculated flufd loss c efffcf nts varfed
from 2,75 x 10-4 to 1.38 x 10‘$ fth bet~en
N -foam; (3) frac gradfents ranged from .25 to
,$1 psf/ft;?OW frac grad~entsprovfdea fonnatfon
stress environment where proppants may no~ be
necessary; (4) fracture diagnosticsindfcate that
the differencesfn foam fnjectfonwas not enough
to alter the preferentialfluid acceptancepaths
established by an fnftfal fnjectfon rate of F
barrels per minute, and (5) fracturediagnostics
showed four of six natural fractureswere opened
and propagated,plus 9 addftfona!fractureswere
generatedwhfch fnterconnectedwfth Zone #5.

Followfng the four data frac experif%!nts
on Zone #6, a spectralgansna.LJ’,c:sfng collar,
and temperaturelog was run fnto the well on cofled
tubfng through Zone A6. Evaluationof the tracer
log fndfcates that the majorftj ot the tracer
material was located fn the vicfnftyof the only
mud log gas show fn Zone #6. However,up to 13
flufd entry pofnts were observed fn Zone #6 on
the tracer log as comparedto 6 naturalfractures
observedon the downholecamera.

Followfngwell loggfng, 2one #6 was produced
and cleaned up over a 7-day flow perfod and a
75 psf back pressurewas applf.?dto sfmulateflowing
conditions. After 10 days of flowfng, Zone #6
was flowfng 14 thousand cubfc feet of gr$ per
day (mcfd) as compared to a pre-frac rate f 2
mcfd. After 3 days of simulated back pressure,
the well’s flow rate suddenly dropped to 9 mcfd
as shown fn Ffgure 6. A plausfble explanation
for thfs drop fn rate was some of the fnduced
fractureswere closfng off. Subsequently,4 days
later Zone #6 was opened to atmosphericconditions
and productionrate dropped to 3 mcfd; however>
when the 75 psf back pressurewas reestablished,
Zone #6 began producfng9 mcfd, a 4.5-foldfncrease
over baselfneconditions. A plausfbleexplanation
for thfs type of flow hehavforfs that the natural
gas lfqufds, observed fn the fracture by the
downholevfdeo camera, restrfctthe gas flow under
open flow conditions. Subsequently,the addftfon
of back pressure improves the relatfve flow
potentfel,

After flow rate testfng, a 14-day build-up
test was performedon Zone #6, Both the pre-frac
and post-treatmentbuild-up test for 2one #6 are
shown fn Ffgure 7, Results of the bufld-uptest
analysfs indfcate a permeability increase from
.079to ,184md, whfle the measuredflow improvement
ratfowas 4,8 to 1.

After the data frac executfonand evaluation,
a logic diagram was developed for the remafnfn
stimulationsas shown fn Ffgure 8. An overal?
improvementratfo of 9:1 was used as :at~:al of
stfmulatfono If thfs improvement was
achieved, then all remainfng stimulationswould
be ptrfonned fn a sfmilar manner and the tests
were cvmplete,
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STIMULATIONTREATMENTS ‘
The next day after the treatment,the flowing

NitrogenStfmulat~ pressurewas 180 psf and the estfmatedflo’tirate
was 83 mcfpd. The w~iI was blown down completely

The RET #l well was stimulatedwith 1,165,000 and the downhole pressure gauge was pulled from
scf of nftrogenfn Zane #1. The test W?S designed the hole. The 2-3/8” tubfng which had been run
as a low rate,hfgh volumetest. Based on hydraulic fn to a depth of 4100 feet was p~!led out and
fracturemodelfngof fractureprop~gatfonof nitrogen a 3“ spectral garmnaray tool wfth special wet
fnto a sfngle fracture, the bottomhole treating cormectfon system was fnstalled on the end of
pressurerequiredabove mfnfmum stress (dffferentfal the tubin~. The tubing was tt!enrun fnside the
pressure) was calculated In the range of 150-200 4-1/2” casing to a depth of 3497 feet, where a
psf to mafntafn hydraulfc fracture containment 2-3/8” side door sub was placed in the strfng
wfthfn th~ 250 foot shal~ section. An m-site and the latchfng head dropped down and connected
computer Control vehfcle was l.!sedto attempt ts wfth the spectralgamma tool. The tool was tested
;iaintafna constant fncremsnthl p<essure of 200 and wac found to be functioningproperly and the
psi iibove closure pressure during stimulation. tubfngrun all the nay into the well. After lo~gfng
Injectfon started at 2000 cfm and only could be
increased to 5f100cfm durfng the job because of

one 30-foot jofnt, the tubfng slfps moved and
crushed the wireline and the assembiy had to be

erroneous N2 fiufd rheology currently being used
to calculate differential pressure plots durfng

pulled out of the well; 6000 feet of wireline
cut off and the process started all over agafn.

stimulation. In fact, a quartz-crystalpressure Logging was finally completed the next day. A
guage locate, dowihole confirmedthat the frfction plot of bottomhole treating pressure from the
pressure error was more than the desfgned 200 psf ;~hole quartz pressuregauge fs shown in Ffgure
(differentialpressure) requfred for the fracture .
contalf;(nentexperiment. The frac job could have
been pumpet at much hfgher rates becwse the actual Results of the tracer log evaluationfndfcate
differentialpressure during pumping was less than that 51 fractures out of 69 fractures detected
100 psf. However, the job was completedwfthout by the video camera fnvestfgatfonof the wellbore
interruption.The well was then openedup completely were apparently pumped into durfng the C02
and blown down to remove the quartz pressuregauge treatment. Tracer material was also found in
placed fn the 2-3/8” tubfng to record bottomhole Zone 2-3 compared to the tracer log evaluation
treatfng pressure. The actual bottomholetreating in Zone #6. Differentfracturesand areas along
pressure record is shown fn Ffgure 9. Changes the wellbore were affected by differentinjection
fn slope followfngshutdownare attributedto three rates.
sets of fractures (N48-52E,N37E, N67E), Following
nitrogen treatment, the well was flowed for 20 The fnftfal productionrate of 83 mcfd from
days monitoring hydrocarbon flow rate. Inftfal Zone #1 after straight C02 treatment stabilized
flow rate was stabilizedat 11 mcfd for Zone #1, at 55 mcfd, representingmore than a 20-fold
sfmilar to Zone #6. In the data frac test, less !wcreaseover baselfneconditions, However,after
than 500mcf nftrogenwas injectedfnto the formation a few days of interruptedshut-fn and subsequent
as comparedto 1165mcf fn the Zone #1 low rate-hfgh simultaneousproductionof Zone #1 and Zones 2-8,
volume test. The productivity improvement was the productionrate again started to declfne and
about 4.5 tfmes fn each case. After 15 days of reached baselfne unstfmulated flow rates after
additional flow, the well had returned to its more than 50 days of productionas shown fn Figure
baselfne production of 2 mcfd from Zone #1. 11,
Therefore,ft was concludedthat strafghtnftrogen
fracturing treatment in a .25 psi/ft fracture A comparison of the C02 versus nftrogen
gradfentenvironmentwouldnot sustafnproduction. treatments fndfcate that the CO

f
treatment was

at least four tfmes better than n trogen fnftfally
C07 Stfmulatfon and lasted twfce as long prfor to fracture.closure.

The density contrast between nftrogen and C02
Zone #1 was stimulateddown the 4-1/2”casing/

2-3/8” tubfng annulus with 120 tons of liquidC02.
may have caused the propagationof n,oreand wfder
fractures wfth C02 resultfng fn hfgh improvement

During the C02 fnjectfon,Iodfne-131isotopetracer ratfos.
was fnjectadat the low rate (12 bpm) while scan-
dfum-46 fsotope tracer was injected durfng the During the long periods of flowfng Zone #1
higher fnjectfon rate (20 bpm). Maxfmum surface
treating pressure was 2642 psi, whfle the maxfmum

whfle Zones #2-8 were shut-in, zone by zone one
hour pressure build-ups in Ffgure 12 show a

bottomhole treating pressure was 1181 psf when
injectionrate reached20,7 bbls/mfn. Instantaneous

systematic pressure transfent from Zone #l all
the way back to Zone #6 indicating formation

shut-fn pressure was 958 psi (based on wireline- connnunfcatfon. The ECPS were pressure tested
-conveyed bottomholequartz pressure gauge), More between zones after frac treatmentsand indicated
than 2,000,000 scf of C02 was fnjected fnto the no coinnunfcationaround the elements, Therefore,
formation. The first 200 barrels of liquid C02 formation cotmnunfcation is the plausible
was injected at 12 bbl/min rate, while the last explanation{.
400 barrelswere fnjectedat a rate of 20 bbls/mfn.
The well was opened to flow back 5 hours after Results to date fndfcate that proppantsare
the job was completed. requiredfor low stress fracturedshale to sustain

gls productionbeyondbaselfnecondf’ions. Because

.“.
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the” production rc,sponssste unpropped nitrogen initial production. Therefore, the long-term
and Gil? treatmcrrts have baen measured and total productionresponseafter stimulationcould
subsequ~fitlyreturned to baseline conditions a changedramatically,
meaningfu! propped stimulation could also be
performed on Zone #1. Therefore, a sand-laden Inrnediatelyafter drilling, total production
treatmentwas planneuand executed. rate was stabilizedat 35 mcfd. The averageflow

rate for adjacent wells is 12 mcfd, Therefore,
C07 Pad/Sand-LadenN?-FoamTreatment the horizontalwell Has 3 timesbetterthan vertical

wells in the area. These vertical wells were
The tubing and isolation tool cups were run either produced naturally or borehole shot with

in preparationfor a propped fr~c treatmentdown gelled-nitroglycerit?e.The current day rock
tubing. Results of the CC2 and N2 treatments pressure in both the horizontalwel1 and existing
indicate that C02 is the preferred base fluid. verticalwells are nearlyequal.
The ideal frac treatmentfor water sensitiveshale
may be a C02 pneumatic sand transportstimulation An effortwas made to normalizethe production
process that would transport sufficient amounts “ rate and improvementratio data on an equivalent
of sand to maintain fracture conductivitywithout time after treatmentbasts as shown in Table 4.
a water base fl~lid,

$

A stimulation treatment summsry is provided inSuch a fracturing proce~s ~ab,e s,
s documented in the international literature* The production rate history for al1
s 8 but does not appear to ba a con’mnonpt%iCtiCf2 treatments i+ also included in Figure 14, The

in the United States. After surveytng the improvement ratios are much higher when C02 is
literature, little or no published information used as a base fracturingfluid, The production
exist on CO -foam sand-carryingcharacteristics.

f
response was greater with straight C02 than with

Therefore,th s lack of knowledgeresulted in the N -foam proppant type treatment. However, the
selectionof a. hybrid treatment consistingof C02 C82 production went back to baseline while the
pad followed by sand-laden 85 quality N -foam

?
production from the proppant treatment has been

treatmentwhere the liquid phase consistsof -1/2% sustained.
methanol and water respectively. Ultimately, a
C02-basedtreatmentmaybe preferred. CONCLUSIONS

Zone #l was re-stimulatedw?th 119 barrel 1. Multiplehydraulicfracturescan be propagated
prepad of liquid C02 pumped at a rate of 3 bpm in a wellborewhich has been completedto provide
followed by 7000 gallons of 85 quality N2-foam adequateaccessto multiplenaturalfractures.
pad injected at 10 bpm. Subsequently,this was
followed by 4 stages of .5 to 2.0 lb/gal 20/40 2. Low injection rates during a hydraulic
sand, The well started taking fluid at 770 psi fracturing operation will allow the propagation
and pressured slowly to 1840 psi maximum surface of natural fractureswith a low angle relationship
pressure. The 25,000 gallonfoam frac was displaced (15”or less)to the principalstressorientation.
with 9000 scf N2. Two radioactivetracers were
used consisting of antimony-124 injected in the 3. Higher injection rates generally resulted
foam pad and iridium-192pellets in the proppant. in inducing fractures controlled by the stress
A spectral gamna ray log was successfullypumped field,
dom with nitrogenin the air filledlong horizontal
wellbore. It appearsto be the firsttime a spectral 4. Straight CO

5
fracture treatments had the

garmnaray tool has been pumped in an air-fi1led highest initial mprovement ratio but could not
2000 feet horizontalwell using nitrogeninjection. be sustainedin the absenceof proppant.
Evaluation of the tracer log indicates that 43
old {ractures accepting fluid during the straight 5. Even though stress ratios indicatedthe area
C02 treatment were re-openedand propped. Eleven was nearly tectonically reldxed (stress ratio
of the 43 received the ‘:lajorityof the proppant. of .28), proppant is still needed to maintain
The initial open flow rates of gas from Zone #1 permeablepaths for more than 30days.
was 34 mcfd against a 55 psig back pressure as
shown in Figure 13. A review of Zone #1 pre and 6. Multiple hydraulic fractures can be induced
post-frac permeability values from well testing from a horizontalwellboreduring a singlepumping
analysis indicate an order of mdgnitude change event.
fr~m .031 md natural to ,31 md after the proppant
tr~st.ment. Permeabilityvalu~~47fo\ndthenitrogen
and C02 treatments was .0485 md
respectively.

HorizontalWell ProductionResponses

The overall production responses for the
horizontalwell is yet to be determinedafter the
major productionzones are stimulated, Both Zones
#1 and #6 have had a total of 4 test treatments.
Both zones r~present only 539 out of 2160 feet
of horizontal section available for stimulation,
In addition, their total initial unstimulated
productionrepresentedless than 13% of the total

---
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